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ABSTRACT: The major faunistic and floristic components occupying space on the coral reefs 
of the northern Gulf of Eilat (Red Sea) are stony corals, soft corals and benthic algae. The 
percent living coverage of the three components and the relative abundance of the different 
species of each component were studied by line transects, on the reef flats and the upper fore- 
reef zones of nine localities. A wider and higher range of living coverage values of stony 
corals were recorded at the upper fore-reef zones (18.30-49.09 ~ compared with the reef 
flats (5.50-31.66 ~ at the different stations. The most abundant stony corals on the reef 
flats are Cyphastrea microphthalma, Stylophora pistillata, Favia favus, Porites lutea, Platy- 
gyra Iamellina and the hydrozoan Millepora dichotorna. The fire coral M. dichotorna dominates 
the upper fore-reef zone in most of the stations. The average percent living coverage of soft 
corals on the reef flats ranged between 0.20 and 17.06 %, and on the upper fore-reef zones 
between 1.68 and 15.13 %. Seventy percent of the total living coverage of the soft coral 
community is contributed by 2 to 3 species. They tend to form large monospecific "carpets", 
such as those composed of Sinularia sp., Sarcophyton glaucum and Lobophytum pauciflorurn. 
The common benthic algae on the coral reef studied occur as turfs or macroscopic non- 
calcareous algae. They play a significant role in occupying space, especially on the reef flats. 
The most abundant algae recorded in all localities are the turfs Sphacelaria tribuloides, Jania 
sp. and the macroscopic non-calcareous algae Turbinaria elatensis and Colpornenia sinuosa. 
Comparison between reef flats and upper fore-reef zones, in terms of average living cover of 
stony corals, shows that the variation among the reef flats is greater than the variation among 
the upper fore-reef zones. However, there is no significant variation in the average living 
coverage of soft corals between these two zones. Annual living-coverage values of algae on 
the reef flats are significantly higher than those of the upper fore-reef zones. Extremely low 
tides occurring periodically but unpredictably at Eilat cause mass mortality of the benthic 
communities on the reef flats reopening new spaces for settlement. The coexistence of stony 
corals, so~ corals and algae on the reef ecosystem is due to different biological properties of 
each component. Opportunistic life histories of  certain stony corals and most algae enable 
quick colonization of newly opened spaces. Lack of predators, high tolerance against abiotic 
factors and ability to form large aggregates of colonies are suggested as possible factors 
supporting the existence of soft corals in shallow water. Biological factors such as competition, 
predation and grazing pressure play an increasingly important role in controlling space 
utilization by the components studied with the advancement of succession. 
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INTRODUCTION 

This work is concerned with quantitative and qualitative characteristics of the 
major faunistic and floristic components, which constitute the living coverage on the 
coral reefs of the northern Gulf of Eilat (Red Sea). The main components are stony 
corals, so~ corals and benthic algae (Fig. 1). Quantitative characteristics studied were 
percent living coverage and relative abundance of the different species. A comparison 
is made between the reef flats and upper fore-reef zones, in every locality studied, in 
connection with space partitioning of the reef by the stony corals, so~ corals and 
algae. 

Fig. 1: Dense living coverage of stony corals, soft: corals and algae on the reef flat at Eilat. 
Top: soi~ coral Sinularia sp.; center: alga Padina sp.; bottom le~: alga Colpornenia sinuosa; 

bottom right: alga Liagora sp.; bottom center: scleractinian coral Favia favus 

The community structure of hermatypic corals at the Nature Reserve of Eilat 
was studied by Loya (1972). Possible effects of pollution and extreme low tides on 
coral reef communities were examined by Fishelson (1973a, b) and Loya (1975, 1976). 
Quantitative features of communities of stony corals were studied during the last few 
years by Loya (1972, 1976), Maragos (1972, 1974a, b), Porter (1972a, 1974), Laxton & 
Stablum (1974) and Ott (1975). 

The so~ corals (Octocorallia) consist of five orders: Stolonifera, Gorgonacea, 
Alcyonacea, Teletacea and Pennatulacea. Quantitative studies of community structure 
of so~ corals are almost lacking. Most of the studies concerning so~ corals are mainly 
taxonomic or descriptive. The present work is concerned only with the orders Stolo- 
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nifera and Alcyonacea, and provides for the first time quantitative information on 
their living coverage, abundance and distribution, in the northern Gulf of Eilat. 

Based on the pioneering descriptions of soft corals from the Red Sea (Klunzinger, 
1877; Ktikenthal, 1913) intensive taxonomic studies were done by Verseveldt (1965, 
1969, 1970a, b, 1971, 1974) and Verseveldt & Cohen (1971). These works provided the 
opportunity to initiate biological and ecological studies of alcyonarian corals in the 
Gulf of Eilat (Fishelson, 1970, 1973b; Mergner & Schuhmacher, 1974; Schuhmacher, 
1974, 1975). Other ecological studies dealing with Alcyonacea are scarce and usually 
constitute a minor part in general descriptions of coral- reef surveys (Faure, 1974; 
Maragos, 1974b; Nishira & Yamazato, 1974; Veron et al., 1974). Some works describe 
quantitative aspects of gorgonian communities (Goldberg, 1973; Kinzie, 1973; 
Opresko, 1973; Preston & Preston, 1975; van den Hoek et al., 1975). 

Algae in a coral reef ecosystem can be divided into three major categories: Benthic 
epilithic algae, endolithic algae, and symbiotic algae (within animal tissues). Many 
studies have been concerned with the symbiotic algae and especially in their role in 
calcification of corals (see review by Muscatine, 1974). Other works deal with endo- 
lithic algae and their possible functions (Odum & Odum, 1955). The Crustose coralline 
algae have been studied in connection with their cementing capability and their role 
in preventing reef erosion (Littler, 1973; Dory, 1974; Vine, 1974; Littler & Dory, 
1975). Benthic algae play a crucial role in a coral-reef maintenance: They assimilate 
energy consumed by herbivores (Odum & Odum, 1955; Bakus, 1972); they also play 
a crucial role in the carbon, oxygen, nitrogen and phosphate cycles (Kinsey & Domm, 
1974). 

Algae vegetation is concerned with a wide range of biological and ecological 
problems (Dahl, 1972; Dart, 1972; Maragos, 1972; Fishelson, 1973a; Randall, 1973; 
Sammarco et al., 1973; and many others). However, quantitative studies of com- 
munity structure of algae on coral reefs still remain very poor (Dahl, 1974). In the 
present work, we have studied the relative contribution to the living coverage of turf 
and macroscopic non-calcareous algae, stony corals and soR corals of the reef flats and 
upper fore-reef zones. 

Integration of the data concerning the three major faunistic and floristic com- 
ponents of the reef might provide a better understanding of the mechanisms governing 
their space partitioning in the coral reefs of the northern Gulf of Eilat. 

STUDY AREA AND METHODS 

The present study was carried out in nine localities along the western coast of 
the Gulf of Eilat, ranging from the Nature Reserve of Eilat to Ras el Burqa', approx- 
imately 50 km south of Eilat (Fig. 2). The criteria for choosing the stations were the 
presence of a well developed and continuous reef flat. The reefs of Eilat are of the 
fringing type with scleractinian corals as the most important organisms (Loya & Slo- 
bodkin, 1971). All the localities except the reef across the Marine Laboratory of Eilat 
have a typical structure of shallow lagoon, a well developed reef flat and a steep 
upper fore-reef zone. The reef across the Marine Laboratory lacks the typical structure 
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of a lagoon and a steep upper fore-reef and is characterized by a shallow and wide 
rocky plate covered by stony corals. The studied reef at Taba is at the southern edge 
of Wadi Taba. The three stations at Muqebla' are in front of Wadi Muqebla'. The 
reef flats at Km 202 and Km 207 are across the distance-marking on the highway to 
Sharm esh Sheikh (Fig. 2). 
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Fig. 2: Index map of northern Gulf of Eilat showing study locations 

The sampling method adopted in the present study was line transects, a technique 
developed by Loya & Slobodkin (1971) to study community structure of stony corals. 
This technique was also used for the study of the community structure of soft corals 
and algae. The line transects were run underwater at the different stations in two reef 
zones: The reef flats and the upper fore-reef zones (Loya, 1972). Each transect was 
10 m long. The transects were run parallel to the shore and parallel to each other at 
a fixed interval of 1.0 m on the reef flat and at intervals of 1.0 m depth on the upper 
fore-reef slope. In the wide reef flat of Ras el Burqa' the distance between adjacent 
transects was 2.0 to 3.0 m, and at the upper fore-reef zone 0.5 m. Table 1 shows the 
number of transects surveyed at each locality in both reef zones. 
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Table 1 

Number of transects surveyed at different localities on reef flats and on upper fore-reef zones 

Locality Reef flat Upper fore-reef 

Nature Reserve 9 + 6* 3 + 3 
Marine Laboratory 8 + 7 ** 
Taba 5 + 5 3 
North Muqebla' 14 4 + 3 
Center Muqebla' 6 + 8 3 
South Muqebla' 11 4 
Km 202 10 3 + 3 
Km 207 9 3 + 3 
Ras el Burqa' 27 + 29 17 

* The (+)  sign indicates that two parallel series of transects were surveyed in the same 
zone. 
** In this locality there is no typical upper fore-reef zone (see text). 

In this study, as in the previous one (Loya & Slobodkin, 1971), an individual  of 
a stony coral was defined as any colony growing independently of its neighbors (i.e. 
whenever an empty space was recorded between two adjacent colonies). Al l  stony 
corals and sof~ corals under the line were recorded and their projected length which 
intercepted the line was measured to the nearest centimeter. The hydrozoans Millepora 
dichotoma and M. platyphylla were also included in this study, since they are impor- 
tant  frame builders of the reef flat at Eilat  (Loya, 1972). Whenever confronted with 
the slightest doubt concerning the species of a certain stony coral or soft coral, a small 
piece was chopped off and placed into a plastic bag carrying a numbered tag for pur-  
poses of exact identification in the laboratory.  

The exact locations of the transects at the different stations were carefully marked 
by knots of red plastic ribbon. This enabled repeated surveys along the same transects 
in order to detect seasonal changes in living coverage of the turf  and macroscopic 
non-calcareous algae. The living coverage of algae on the reef flat was measured every 
month and that  of the upper fore-reef zones every 2 to 3 months. The measurements 
were done from March 1974 to February 1975. The algal coverage was recorded 
along the transects as percent coverage per meter. Although this method provides only 
an approximation of the living coverage, it  is very quick and efficient in obtaining 
detailed information. Since the algal community is mostly composed of individuals 
smaller than 2 cm in length, it  was necessary to take samples to the laboratory  for 
further identification of the species. 

RESULTS 

S t o n y  c o r a l s  

Table 2 summarizes the mean living coverage per transect of stony corals on the 
reef flats and upper fore-reef zones in the different localities. The lowest living cover- 
age among the reef flats was recorded at Ras el Burqa', the Nature  Reserve and South 
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Table 2 

Average percent cover (+ S.D.) of stony corals per transect of 10 rn at the different localities 
on reef flats and upper fore-reef zones 

Average percent cover of stony cora]s per transect 
Locality Reef flat Upper fore-reef 

Nature Reserve 6.17 + 3.I4 24.36 + 10.84 
Marine Laboratory 27.69 + 6.14 
Taba 29.90 + 12.10 34.70 + 2.10 
North Muqebla' 17.99 + 6.79 20.24 + 9.55 
Center Muqebla' 27.90 + 10.50 24.80 + 3.80 
South Muqebla' 7.01 + 2.51 18.30 + 9.12 
Km 202 19.60 + 10.15 40.85 _+ 15.74 
Km 207 31.66 + 17.03 33.25 + 17.96 
Ras el Burqa' 5.50 + 5.34 49.09 + 16.53 

Muqebla' .  The highest living coverage was recorded at Km 207, Taba, Center Muqebla '  
and Marine Labora tory  stations. The lowest values of living coverage on the upper 
fore-reef zone were recorded at  South Muqebla '  and Nor th  Muqebla' ,  while the high- 
est values were recorded at Ras el Burqa'  and Km 202. Note  the wider and higher 
range of living coverage values at the upper fore-reef zone (18.3-49.09 ~ compared 
with the reef flats (5.50-31.66 ~ 

The hermatypic coral species composition on the reef flats and upper fore-reef 
zones is given in Tables 3 and 4 respectively, represented in code numbers (see Table 9). 
The species are ranked according to their relative contribution to living coverage 
within the transects. Loya (1972) has shown that  a high correlation exists between 
relative contribution to living coverage of hermatypic corals and their relative abun- 
dance at the reefs of Eilat.  The same result was obtained in the present study and, 
therefore, in the following discussion we equate high abundance to high contribution 
to living coverage. I t  should be noted that  there is some variat ion in the ranking order 
of the most abundan'r species in the different localities. However ,  5 to 6 coral species 
are dominant in most of the stations: Cyphastrea microphthalrna, Stylophora pistil- 
lata, Favia favus, Porites lutea, Platygyra lamellina, and the hydrozoan Millepora 
dichotorna. Some species are very abundant  only in a few stations and sometimes only 
in one locali ty such as Leptastrea transversa, Acanthastrea echinata, Goniastrea reti- 
formis and Pavona decussata. I t  is interesting to note the relative rareness of Millepora 
dichotorna at the reef flat of Ras el Burqa',  where this species is far  from being ranked 
among the ten most abundant  species (Table 3). 

On the other hand some species such as Acropora humilis, A. scandens and Monti- 
pora tuberculosa are very common on the reef flat of Ras el Burqa',  while the same 
species are quite rare or completely absent in other localities. Table 4 clearly demon- 
strates the domination of Millepora dichotoma on the upper fore-reef slopes forming 
the Millepora zone (Loya, 1972). In  contrast to the reef flats, it is more difficult to 
point  out the most abundant  coral species on the upper fore-reef slopes. However,  
besides M. dichotoma the corals Cyphastrea microphthalma, Favia favus, Porites Iutea, 
Pavona decussata, Platygyra lamellina, Stylophora pistillata etc. are ranked in the 
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T a b l e  3 

Species  r a n k  of  s t o n y  cora l s  on  the  ree f  f lats  a t  n ine  loca l i t i e s  a l o n g  the  n o r t h e r n  G u l f  o f  E i l a t ,  
ba sed  on  t h e i r  r e l a t i v e  c o n t r i b u t i o n  to  l i v i n g  cove rage .  C o r a l  species a re  r e p r e s e n t e d  as code  

n u m b e r s  (see T a b l e  9) 

L o c a l i t y  

~ ~ a ~  . . ~  ~ o o 

1 98 98 98 60 60 60 81 81 60 
2 60 2 81 81 81 98 98 31 25 
3 81 60 70 2 98 2 2 98 2 
4 53 81 79 53 2 87 60 60 70 
5 87 70 66 67 87 53 70 68 29 
6 2 9 60 70 77 57 31 2 16 
7 70 80 53 79 53 81 79 70 67 
8 42 67 68 87 70 70 87 42 53 
9 79 41 42 98 83 42 99 99 83 

10 23 53 3 80 66 83 66 69 81. 
11 77 79 59 9 65 79 9 53 9 
12 83 65 2 66 68 31 24 83 75 
13 78 87 69 64 14 67 68 79 87 
14 9 66 65 68 9 23 53 87 79 
15 24 64 99 69 8 55 57 86 15 
16 66 23 87 78 42 80 69 75 89 
17 65 82 24 11 75 9 78 24 26 
18 30 42 6 75 16 6 23 44 65 
19 26 29 83 41 80 64 67 16 10 
20 67 15 44 29 6 - -  42 82 6 
21 31 90 67 31 67 - -  65 20 31 
22 75 69 21 83 62 - -  80 67 66 
23 57 68 86 65 1 - -  94 64 24 
24 41 6 41 23 78 - -  75 32 78 
25 62 - -  57 89 31 - -  11 65 30 
26 69 - -  8 40 69 - -  86 66 68 
27 89 - -  89 15 79 - -  3 29 98 
28 8 - -  40 16 64 - -  83 27 23 
29 86 - -  1 90 58 - -  - -  9 17 
30 6 - -  75 - -  57 - -  - -  80 42 
31 - -  - -  85 - -  5 - -  - -  97 69 
32 - -  - -  82 - -  11 - -  - -  - -  7 
33 - -  - -  32 - -  94 - -  - -  - -  73 
34 - -  - -  29 - -  90 - -  - -  - -  18 
35 - -  - -  9 - -  20 - -  - -  - -  3 
36 - -  - -  11 - -  89 - -  - -  - -  21 
37 . . . .  23 . . . .  
38 . . . .  86 . . . .  

t e n  m o s t  a b u n d a n t  s p e c i e s .  C e r t a i n  s p e c i e s  c r e a t e  l o c a l  a g g r e g a t i o n s  a n d  a r e  v e r y  

a b u n d a n t  o n l y  i n  o n e  o r  t w o  s t a t i o n s ,  s u c h  as  Tubastrea micrantha i n  S o u t h  M u q e b l a ' ,  

Favia stelligera i n  K m  2 0 7  a n d  Seriatopora caliendrum i n  S o u t h  a n d  C e n t e r  M u q e b l a ' .  

R a s  e l  B u r q a '  is  i n t e r e s t i n g  a m o n g  t h e  s t u d i e d  r e e f s  s i n c e  i t  e x h i b i t s  t h e  l o w e s t  l i v i n g  

c o v e r a g e  o n  t h e  r e e f  f l a t  a n d  t h e  h i g h e s t  l i v i n g  c o v e r a g e  o n  t h e  u p p e r  f o r e - r e e f  s l o p e  

( T a b l e  2) .  I t  h a s  t h e  w i d e s t  r e e f  f l a t  ( a p p r o x i m a t e l y  7 0  m c o m p a r e d  w i t h  1 0 - 1 5  m 
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Table  4 

Species r ank  of s tony corals on the upper  fore-reef  zones at  eight  locali t ies  a long the Gul f  of 
Ei la t ,  based on thei r  re la t ive  cont r ibu t ion  to  l i v ing  coverage.  Cora l  species are represented 

as code numbers  (see Table  9) 

Loca l i ty  

{ 

1 98 98 60 98 95 98 98 53 
2 81 24 81 81 98 61 24 98 
3 2 31 2 6 6 2 70 26 
4 60 81 53 68 53 12 61 24 
5 53 68 67 31 18 81 53 25 
6 87 18 70 53 9 31 31 9 
7 70 83 79 93 94 68 2 28 
8 28 6 87 2 42 24 83 31 
9 63 66 98 41 29 69 86 70 

10 50 69 80 86 66 28 28 61 
11 62 70 9 79 81 87 66 83 
12 12 15 66 1 87 41 99 2 
13 92 1 64 60 60 65 81 23 
14 69 86 68 I6 17 70 42 20 
15 66 19 69 70 93 53 68 22 
16 31 !2 78 11 2 66 79 99 
17 9 87 11 42 31 48 87 81 
18 24 79 75 23 - -  75 12 75 
19 78 71 41 67 - -  60 9 29 
20 89 30 29 20 - -  79 60 15 
21 93 28 31 57 - -  1 33 46 
22 90 62 83 87 - -  90 82 42 
23 30 53 65 78 - -  8 41 68 
24 94 65 23 - -  - -  18 76 82 
25 76 92 89 - -  - -  62 1 18 
26 82 2 40 - -  - -  94 80 33 
27 68 - -  15 - -  - -  64 90 87 
28 23 - -  16 - -  - -  9 62 79 
29 42 - -  90 - -  - -  42 69 41 
30 8 . . . .  57 67 69 
31 64 . . . .  15 19 52 
32 41 . . . .  78 29 16 
33 77 . . . . .  6 10 
34 83 . . . . .  26 1 
35 18 . . . . . .  67 
36 86 . . . . . .  32 
37 59 . . . . . .  78 
38 67 . . . . . .  85 
39 79 . . . . . .  35 
40 . . . . . . .  60 
41 . . . . . . .  90 

o f  o t h e r  l o c a l i t i e s )  a n d  t he  l a r g e s t  u p p e r  f o r e - r e e f  (8 m c o m p a r e d  w i t h  4 m in  m o s t  

o f  t h e  o t h e r  l o c a l i t i e s ) .  I t  is a l so  u n i q u e  a m o n g  t he  s t u d i e d  reefs  in  a d i f f e r e n t  spec ies  

c o m p o s i t i o n  b o t h  on  t h e  r ee f  f l a t  a n d  u p p e r  f o r e - r e e f  z o n e s  ( T a b l e s  3 a n d  4). T h u s ,  t h e  
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coral Porites lutea is the most abundant  species on the upper fore-reef, creating huge 
clumps, while in all other stations it is much less abundant.  Other abundant  coral 
species in this zone, which do not appear in the rest of the stations, are Acropora 
hemprichi, A. hyacinthus, A. humilis and A. eurystoma. 

S o f t  c o r a l s  

Table 5 presents the mean living coverage of soft corals in the different localities. 
The average percent cover per transect on the reef flats and upper fore-reef zones 
seems to be quite similar, with some exceptions: the low living coverage across the 
Marine Labora tory  (0.2 ~ and the relat ively high coverage on the reef flat of Km 202 
(17.06 0/0) and the upper fore-reef of South Muqebla '  (15.13 ~ 

Table 5 

Average percent cover (+ S.D.) of sofL corals per 10-rn transect at different localities on reef 
flats and upper fore-reef zones 

Locality Mean percent cover of soft: corals per i0 m 
Reef flat Upper fore-reef 

Nature Reserve 3.27 + 2.86 3.98 + 2.84 
Marine Laboratory 0.20 + 0.22 - -  
Taba 2.84 + 2.04 4.57 + 0.77 
North Muqebla' 4.87 • 4.05 1.68 + 1.13 
Center Muqebla' 3.65 + 2.84 8.65 + 3.79 
South Muqebla' 4.33 + 3.46 15.13 + 6.93 
Km 202 17.06 + 15.00 6.04 + 3.84 
Km 207 7.07 + 7.77 4.47 + 2.73 
Ras el Burqa' 4.22 + 4.00 10.13 -+ 10.75 

In the present study, 16 species of octocorals representing the orders Alcyonacea 
and Stolonifera were collected. Tables 6 and 7 provide the ranking order of soft 
corals according to their contribution to the living coverage of the octocoral com- 
munities on the reef flats and upper fore-reef zones, respectively. I t  should be noted 
that  70 ~ of the total  living coverage of soft corals is contributed by 2 to 3 species 
(Tables 6 and 7, Figs. 3 and 4). This result may be best demonstrated from the reef 
flats of Km 202 and South Muqebla' ,  where the first two most abundan~ species con- 
stitute 80 to 90 ~ of the total  living coverage of the octocoral community (Table 6). 
A t  Km 202, for example, Sinularia cornpressa alone contributes more than 80~ to 
the total  living coverage of the octocoral community on the reef flat. A typical  char- 
acteristic of soft corals is their tendency to form large monospecific "carpets" such as 
those of Sinularia sp., Sarcophyton glaucum (Fig. 4) and Lobophyturn pauciflorum. 
Such a carpet may reach sometimes an area of several quadrate meters. Some other 
octocoral species e.g. Clavularia hamrct, Tubipora rnusica, Paralernnalia thyrsoides, 
and Stereonephthya cundabiluensis, have never been seen to cover large areas and are 
usually sporadic to rare in their abundance. 
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Fig. 3: The sott coral Sarcophyton glaucum overgrows a colony of the stony coral Favites s•. 

Fig. 4: Space monopolization of the reef flat by a monospecific "carpet" of Sarcophyton sp. 
which covers the reef flat across Km 207 on the way to Sharm esh Sheikh 



Table 6 

Species rank of soi~ corals expressed as relative percent cover on reef flats 

Locality Rank Species Cover (~ 

1 Litophyton arboreum 36.0 
2 Sinularia leptoclados 33.3 

Nature reserve 3 Sinularia compressa 26.2 
4 Parerythropodium fulvum fulvurn 3.1 
5 Tubipora musica 0.7 
6 Clavutaria hamra 0.7 
1 Parerythropodium fulvum fulvum 44.0 
2 Sinularia leptoclados 20.8 

Taba 3 Sinularia compressa 16.2 
4 Litophyton arboreum 11.6 
5 Heteroxenia fuscescens 6.7 
6 Tubipora musica 0.7 
1 Sinularia leptoclados 23.9 
2 Lobophytum pauciflorum 23.4 
3 Sinularia grayi 21.8 

North Muqebla' 4 Litophyton arboreum 19.3 
5 Parerythropodium fulvum fulvum 6.4 
6 Sinularia compressa 4.1 
7 Heteroxenia fuscescens 1.1 
1 Sinularia leptoclados 46.4 
2 Parerythropodium fulvum futvum 23.5 
3 Xenia sp. 16.1 
4 Cladiella pachyclados 4.6 

Center Muqebla' 5 Lithophyton arboreum 2,9 
6 Tubipora musica 2.9 
7 Sarcophyton glaucum 2.1 
8 Clavularia hamra 1.1 
9 Heteroxenia fuscescens 0.4 
1 Parerythropodium futvum ~ulvum 42.7 
2 Sinularia leptoclados 37.9 
3 Lobophytum pauciflorum 8.3 
4 Xenia sp. 3.5 

South Muqebla' 5 Litophyton arboreum 2.3 
6 Sinularia grayi 1.8 
7 Tubipora musica 1.8 
8 Heteroxenia fuscescens 1.2 
9 Clavularia hamra 0.5 
1 Sinularia compressa , 80.8 
2 Sinularia leptoclados 11.6 
3 Sarcophyton gIaucum 5.3 

Km 202 4 Parerythropodium fulvum fulvum 1.1 
5 Cladiella pachyclados 0.6 
6 Heteroxenia fuscescens 0.4 
7 Tubipora musica 0.2 
1 Litophyton arboreum 50.7 
2 Sinularia leptoclados 26.1 

Km 207 3 Cladiella pachyclados 11.3 
4 Parerythropodium fulvum [ulvum 7.5 
5 Heteroxenia fuscescens 3.5 
6 Sarcophyton glaucum 0.9 
1 Sinularia compressa 42.8 
2 Sinularia leptoclados 16.6 
3 Litophyton arboreum 13.6 
4 Parerythropodium fulvum fulvum 6.9 

Ras el Burqa' 5 Cladiella pachyclados 4.9 
6 Sinularia polydactyla 4.7 
7 Lobophytum pauciflorurn 4.7 
8 Sarcophyton glaucum 3.7 
9 Tubipora musica 1.7 

10 Stereonephthya cundabiluensis 0.4 
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Table 7 

Species rank of so~ corals expressed as relative percent cover at upper fore-reef zones 
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Locality Rank Species Cover (~ 

1 Sinularia leptoclados 70.3 
Nature reserve 2 Parerythropodium fulvurn fulvum 22.6 

3 Stereonephthya cundabiluensis 7.1 
Taba 1 Sinularia Ieptoclados 83.2 

2 Clavulria harnra 16.8 
1 Parerythropodium fulvurn fulvurn 52.4 

North Muqebla' 2 Sinularia Ieptoclados 27.4 
3 Sarcophyton glaucurn 11.9 
4 Heteroxenia fuscescens 8.3 
I Sinularia leptoclados 36.2 
2 Parerythropodium fulvum fulvum 30.1 

Center Muqebla' 3 Heteroxenia fuscescens 22.8 
4 Sinularia rnayi 10.7 
5 Litophyton arboreurn 0.2 
I Xenia sp. 50.4 
2 Parerythropodium fulvum fulvum 45.6 

South Muqebla' 3 Heteroxenia fuscescens 2.2 
4 Litophyton arboreum 0.9 
5 Sinularia leptoclados 0.9 
1 Sinularia Ieptoclados 39.1 
2 Sarcophyton glaucum 33.2 

Km 202 3 Litophy ton arbo reurn 16.9 
4 Parerythropodiurn fulvum fulvum 9.6 
5 Paralemnalia thyrsoides 0.6 
6 Heteroxenia fuscescens 0.6 
1 Sinularia leptoclados 46.3 
2 Litophyton arboreum 19.4 
3 Tubipora musica 11.9 

Km 207 4 Sinularia mayi 9.3 
5 Parerythropodium fulvurn fulvurn 7.1 
6 Sinularia cornpressa 5.6 
7 Heteroxenia fuscescens 0.4 
1 Litophyton arboreurn 41.2 

Ras el Burqa' 2 Sinularia leptoclados 39.4 
3 Sinularia rnayi 14.7 
4 Sarcophyton glaucurn 4.7 

A l g a e  

The common benthic algae on the coral reefs of the Gulf  of Eilat occur as turfs 
or macroscopic non-calcareous algae. They p lay  a highly significant role in occupying 
potential  substrate for settlement, especially in shallow water. In order to determine 
their role in the coral-reef ecosystem, we have followed the seasonal cycle of these 
algae during the year (Benayahu & Loya, in preparation).  Based on this pattern, 
we calculated an index which quantifies the total  annual algal-coverage on the reef 
flats and upper fore-reef zones. This value is calculated as the ratio between the total  
annual cover of algae (m) measured in a certain zone, and the total  length of transects 
(m) surveyed in this zone. Table 8 shows the calculated values for the reef flats and 
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upper fore-reef zones in the different stations. I t  is apparent  from Table 8 that  the 
values for total living coverage of algae on the reef flats are significantly higher than 
those for the upper fore-reef slopes (t-test, p < 0.05). Note the high var iabi l i ty  of 
living coverage between the different stations. Thus, a wide range of values was re- 
corded on the reef flats (3.0-75.4 ~ and upper fore-reef slopes (3 .4-22 .1%) .  

One of the purposes of this study was to describe genera composition of algae 
and, when possible, species composition of the turf  community in the different stations. 
Algal  identification is difficult, since most of the species are less than 2 cm high. Some 
species have a total  length of only a few ram. 

In all studied areas one of the most abundant  turf algae is Sphacelaria tribuloides. 
This brown alga may be found growing almost on every solid substrate on the coral 
reef. I t  covers dead stony corals of different growth forms (branched, massive or 
encrusting). S. tribuloides may oi~en be encountered as low mats covering dead 
colonies of octocorals, valves of the giant clam Tridacna or shells of the gastropod 
Trochus dentatus. This species serves as a substrate for different epiphytic turf algae. 

Table 8 

Relative percent cover of algae, calculated as the ratio between total annual cover and total 
length of transects surveyed during the year at the localities studied 

Total length of Annual Relative 
Locality Reef transects surveyed cover of algae cover of algae 

zone during a year 
(m) (m) (~ 

Nature Reserve R.F. 1010 619.20 61.30 
U.F.R. 170 17.35 10.20 

Marine Laboratory R.F. 1500 45.00 3.00 
Taba R.F. 1100 150.00 13.70 

U.F.R. 150 16.73 11.15 
North Muqebla' R.F. 1520 365.22 24.02 

U.F.R. 200 15.00 7.50 
Center Muqebla' R.F. i510 230.30 15.25 

U.F.R. 150 7.16 4.80 
South Muqebla' R.F. 650 222.90 34.29 

U.F.R. 120 9.66 8.10 
Km 202 R.F. 1080 99.7O 9.22 

U.F.R. 210 7.19 3.40 
Km 207 R.F. 950 235.24 24.70 

U.F.R. 190 30.79 16.20 
Ras el Burqa' R.F. I740 1312.54 75.43 

U.F.R. 680 150.12 22.1 

The main species and genera that  usually appear in the turf community are: 
among the green algae - Dictyosphaerea cavernosa, Acetabularia sp; the brown algae 
- Dictyota sp., Cystoseira sp., Padina sp., Colpomenia sinuosa, Hydroclathrus cla- 
thratus, Sargassum sp.; the red algae - Cerarnium sp., Pocoekiella variegata, Polysi- 
phonia sp., Hypnea sp., Champ& sp., Gelidiurn sp., Jan& sp., Laurenc& sp., Graci- 
lar& sp., Dasya sp., Peysonell& sp., Chondria sp., Herposiphonia sp. and Liagora sp. 
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Table 9 

Species code numbers of stony corals. (After Loya, 1972) 
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1. Psarnmocora nierstraszi 51. G. planulata 
2. Stylophora pistillata 52. Porites undulata 
3. S. wellsi 53. P. lutea 
4. S. palmata 54. P. studeri 
5. S. prostrata 55. P. alveoIata 
6. Seriatopora caliendrum 56. P. sp. 
7. S. spinosa 57. Alveopora daedalea 
8. S. angulata 58. Plesiastrea laxa 
9. Pocillopora danae 59. P. marnmillosa 

10. P. hemprichi 60. Favia favus 
11. Astreopora myriophthaIma 61. F. stelligera 
12. Montipora lobulata 62. F. speeiosa 
13. M. meandrina 63. F. doreyensis 
14. M. venosa 64. F. pentagona 
15. M. verrucosa 65. F. virens 
16. M. tubereulosa 66. F. abdita 
17. M. danae 67. F. halicora 
18. M. granuIata 68. Goniastrea retiformis 
19. M. monasteriata 69. G. pectinata 
20. M. erythraea 70. Platygyra lamellina 
21. M. composita 71. Porites mayeri 
22. Acropora nasuta 72. PIatygyra subdentata 
23. A. variabilis 73. P. rustica 
24. A. hemprichi 74. Leptoria phrygia 
25. A. humilis 75. Hydnophora rnicroconus 
26. A. hyacinthus 76. H. contignatio 
27. A. corymbosa 77. Leptastrea purpurea 
28. d. eurystoma 78. L. bottae 
29. A. scandens 79. L. transversa 
30. Pavona varians 80. Cyphastrea serailia 
31. P. decussata 81. C. microphthalma 
32. P. gardineri 82. C. chalcidicum 
33. P. clavus 83. Echinopora gemmacea 
34. P. explanulata 84. E. lamellosa 
35. Agariciella ponderosa 85. E. horridae 
36. Leptoseris tubulifera 86. Galaxea [ascicularis 
37. L. fragilis 87. Acanthastrea echanata 
38. Pachyseris vaIenciennesi 88. Lobophyllia corymbosa 
39. P. rugosa 89. L. hemprichi 
40. Siderastrea lilaeea 90. Echinophyllia aspera 
41. Coscinarea moniIe 91. Mycediurn tubifex 
42. Fungia fungites 92. Plerogyra sinuosa 
43. F. doederleini 93. Gyrosmillia interrupta 
44. F. echinata 94. Balanophyllia gemmifera 
45. F. scutaria 95. Tubastrea micrantha 
46. Herpolitha limax 96. BIastomussa sp. 
47. Podabacia crustacea 97. Turbinaria sp. 
48. Goniopora savignyi 98. MilIepora dichotoma 
49. G. teneIla 99. M. platyphyIla 
50. G. lichen 

The red  alga PocockielIa variegata grows in dense aggrega t ions  and  usua l ly  fills spaces 

a m o n g  branches  of dead  s tony  corals such as Seriatopora sp., Acropora sp., a n d  Stylo- 
phora sp. Some tu r f  a lgae m a y  a p p e a r  also in a macroscopic  non-ca l ca reous  g r o w t h  

form,  for  example ,  Padina sp., Dictyota sp., Hydroclathrus clathratus, Cystoseira sp., 
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Sargassurn sp., Liagora sp., and Colpomenia sinuosa. The macroscopic non-calcareous 
brown alga Turbinaria elatensis is one of the most abundant algae that dominate 
the reef flats of the Gulf of Eilat. The most common turf algae of the upper fore-reef 
zones are Pocockiella variegata, Peysonellia sp. and S phacelaria tribuloides. 

D I S C U S S I O N  

Space for settlement on a coral reef has been shown to be one of the most impor- 
tant limiting factors in the coral-reef ecosystem (Lang, 1971, 1973). The present study 
examines space partitioning by stony corals, so~ corals and benthic algae, in terms 
of percentage of living cover on the reef flats and the upper fore-reef zones. The con- 
tribution of each component to the total living coverage served as a criterion of  com- 
parison, between the nine localities studied, in the northern Gulf of Eilat. Figure 5 
illustrates the results of the comparisons between the mean percent coverage of her- 
matypic corals and octocorals in the studied areas. The significance of differences 
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Fig. 5: Statistical comparisons between mean percent living coverage of hermatypic corals 
and of octocorals. Upper half of figure: reef flats; lower half: upper fore-reef zones. Each 
square is divided into two small triangles; upper triangle: stony corals; lower: soft corals. 
Black triangles: significant difference (P < 0.05) in living coverage of stony corals between 
two stations. Dashed triangels: significant differences (P < 0.05) in living coverage of so~ 

corals between two stations. Blank triangles: no significant difference (P > 0.05) 
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between the different stations, within the reef flats and upper fore-reef zones were 
tested by t-tests a~er arcsine transformation. It  can be seen that 22 out of 36 com- 
parisons of the mean percent coverage of stony corals on the reef flats indicate signif- 
icant differences (P < 0.05), while only 8 out of 28 such comparisons within the upper 
fore-reef zones are significantly different (P < 0.05). Hence, a greater variability of 
the mean coverage of scleractinian corals exists within the reef flats than within the 
upper fore-reef zones (t-test for equality of percentages, P < 0.05). Applying the 
same method of analysis to the average living coverage of octocorals points out, that 
13 out of 36 comparisons within the reef flats indicate significant differences, while 
within the upper fore-reef zones 13 out of 28 comparisons are significantly different 
(P < 0.05). The t-test of equality of percentages shows that no significant difference 
exists between the mean living cover variability of so~ corals in the reef flats versus 
the upper fore-reef zones (P > 0.05). 

The turf algae and macroscopic non-calcareous benthic algae are highly variable 
in their annual pattern of living coverage (Table 8). The results shown in Table 8 and 
Figure 5 emphasize the high variability in the pattern of space utilization by stony 
corals, soflc corals and algae in the various localities. The coexistence of the three major 
components discussed, largely depends on available settlement space, which constitutes 
a limited resource they may be competing for (Fig. 6). The amount of resource overlap 
among coexisting species will determine the degree of competition (Sale, 1974). Com- 
plete monopolization of space by stony corals, sot~ corals or algae does not occur in 

Fig. 6: Space for settlement is a limited resource on a coral reef. Due to low tides, top portions 
of the brain coral Platygyra larneIIina are denuded and subsequently qui&ly colonized by 

the macroscopic non-calcareous algae Colpomenia sinuosa 
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either the reef flats or upper fore-reef zones. Even in the reef flats of the Nature 
Reserve and Ras el Burqa', where living coverage of algae is very high (Table 8), 
stony corals and so~ corals are not excluded. In the upper fore-reef zones living 
coverage of algae is relatively low (Table 8), and yet stony corals and so~ corals do 
not monopolize the substrate. 

Dayton (1971) has demonstrated for a benthic marine habitat, the ro&y intertidal 
zone, that substrate space is potentially the most important limiting resource. Its 
utilization is controlled by a combination of physical and biological disturbances. 
Dayton emphasized the crucial task of disturbance factors in preventing a mono- 
polization process in an area. 

Fishelson (1973b) and Loya (1976) emphasized the possible ecological role o f  
extreme low tides, which occur periodically but irregularly at the Gulf of Eilat. Such 
a disturbance could be a factor that prevents crowding on the reef flat and prevents 
potential dominant competitors from monopolizing the available space. The mass 
mortality of benthic organisms resulting from the catastrophic low tides reopens new 
space for settlement of planktonic larvae and spores on the substrate. Thus, space 
partitioning on shallow water by the three faunistic and floristic components studied 
may be also attributed to physical factors as extremely low tides. The coexistence of 
stony corals, so~ corals and algae on the coral-reef ecosystem is due to different 
biological properties of each component. Loya (1976) discussed several traits of sclerac- 
tinian corals that seem to be advantageous in reef areas that are opened for recoloniza- 
tion aflcer a catastrophe, t-Ie suggested that the most opportunistic species among the 
shallow water corals of Eilat can be expected to breed throughout the year, and are 
thus most likely to be the first to recolonize occasional denuded areas on the reef. In 
addition, rapid growth and encrusting growth form of the corals were suggested as 
advantageous traits in such areas. 

The monospecific soi~ coral carpets, described in the present work, may be the 
strategy adopted by sofk corals such as Sinularia, Sarcophyton, Parerythropodiurn 
fulvurn fulvurn etc., in order to rapidly colonize any space reopened for colonization 
a~er a catastrophe. 

In contrast to the reef flat community, the Millepora zone, situated 0.5 to 2.0 m 
below the reef flat, is not exposed to the air during catastrophic low tides. Here, inter- 
specific competition is not interrupted by low tides and has a chance to become com- 
plete. Due to domination by M. clichotoma, this zone has high hermatypic coral 
coverage but low diversity (Loya, 1976). It  is suggestea that lack of predators, high 
tolerance against abiotic factors, such as extremely low tides and ability to form large 
aggregates (the typical carpets of Sinularia, Sarcophyton and Lobophytum) are the 
major possible factors supporting the existence of sot~ corals in shallow water. 

Dayton (1972) claimed that annual species of algae are fugitive species and they 
are expected to succeed in disturbed areas. Several investigators show that algae are 
the first to colonize new substrate introduced to a coral reef ecosystem, as well as 
skeletons of dead stony corals (Randall, 1973; Sammarco et al., 1973; Tsuda & Kami, 
1973; Belk & Belk, 1975; and others). Preliminary experiments dealing with coloniza- 
tion of benthic organisms on artificial substrates at the coral reef of Eilat indicated 
that turf algae are covering very rapidly the new available space (Y.B., personal 
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observations). It can be concluded that each component has its own features that may 
lead to utilization of space after catastrophic low tides. 

In addition, physical factors, such as wave action, seasonal variations in temper- 
ature, salinity and light (see Loya, 1972) may influence the relative success of stony 
corals, soft corals and algae in space utilization. 

The biological factors, as competition and predation, play an increasingly impor- 
tant role with the advancement of succession and the decrease in available space for 
development and growth of the major components studied. Predation pressure is one 
of the most important biological disturbances in preventing monopolization of reef 
areas (Porter, 1972b) and often is the major factor dictating the partitioning of the 
available space on the reef. The term predation includes eating of animal tissues by 
carnivores or grazing activity done by herbivores, such as fishes or sea urchins on a 
coral reef. The great importance of grazing in the coral-reef ecosystem has been dis- 
cussed by many investigators (Randall, 1961; Dahl, 1972; Sammarco et al., 1973; 
Tsuda & Kami, 1973; Schuhmacher, 1974; Ogden, 1976; and others). Grazing activity 
is one of the most important biological factors that control the living coverage of 
algae. Sammarco et al. (1973) hypothesized that sea urchins may play a significant 
role in controlling the community structure of sessile epibenthic macroinvertebrates 
in the shallowest zones of coral reefs. In the present study we have found that grazing 
activity by sea urchins on algae is among the most important factors regulating and 
controlling living coverage of algae (Benayahu & Loya, in preparation). It is suggested 
that the high diversity of benthic algae (Benayahu, 1975) in the shallow portions of 
the reefs of Eilat, might be largely possible due to grazing activity of sea urchins and 
herbivore fishes, which prevent space monopolization by algae. 

Some species of soft corals have been observed to form small-scale aggregations 
in shallow water and thus, to create local monopolization, such as Sinularia sp., Sarco- 
phyton glaucum and Lobophytum pauciflorum (Tables 6 and 7). This phenomenon 
may be due to their rapid growth as suggested by Fishelson (1970, 1973b), Maragos 
(1974b) and Schuhmacher (1974). At present, no quantitative data exists in the liter- 
ature concerning growth rates of soft corals, as well as data concerning their competi- 
tive interactions with other benthic organisms. These lines of research are now under 
intensive study on the coral reefs of Eilat. 

Maragos (1974a) has suggested that predation and competition for space may 
periodically disrupt the continued development of some corals resulting in a com- 
munity which is more patchy in abundance. It seems that such factors may account 
for the observed community structure pattern of soft corals at the reefs of Eilat 
(Tables 6 and 7). The rather similar pattern of living coverage of stony corals in the 
upper fore-reef zones, at the various localities (Fig. 5), may be a result of lack of 
major physical disturbances as suggested by Loya (1976). The low living coverage 
of algae in these zones might be due to lower illumination levels, which largely control 
algal vegetation. 

The coexistence of stony corals, soft corals and algae in all the areas studied may 
indicate a lack of competitive dominance by either one of these components. Never* 
theless, it is suggested that the observed patterns of space utilization might also result 
from varied competitive abilities of different species, in different environmental 
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regimes. I t  is of great importance to have a better knowledge of the intraspecific and 
interspecific competit ive hierarchy of the different species among the components 
studied, in order to have a better understanding of the mechanisms that determine 
space part i t ioning on a coral reef. 
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